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Abstract
Every mechanical engineering student at MIT takes the same courses: 2.009
being one of them. In our capstone product design course at MIT, most students glean
an incredible amount from their teams, mentors, and projects, then focus their efforts on
slightly more pressing issues, such as graduating and finding jobs and grad school. But
what if the project you found was bigger than just a course, and had the potential of
improving the lives of those less fortunate than you? The Komera project creates
affordable sanitary protection for women in developing countries from the locally
available and all-natural fiber from banana plants. In doing so, the initiative not only
empowers girls by allowing them to attend school during their periods, but also creates
employment and income within their communities. Our first initial iterations of the
machine to fabricate pads were created in 2.009. Previous mechanical solutions to this
problem are inefficient and labor-intensive. With our prototype, we seek to reduce the
labor involved and increase pad output by twofold. However, we didn't want out work to
stop there. Over the course of the semester, we continued to expand the Komera
project twofold: by working on the mechanical design of the product and by expanding
our scope to transform the product into a public service initiative. This thesis discusses
the trials and tribulations of both directions. We explore the differences and challenges
in designing for the developing world within a 1 st-world product design context - paying
attention to manufacturing, materials, cost, and usability. We also offer a guide through
the creation of an initiative: how we took a product and turned it into an IDEAS-winning
public service project. It has been an incredibly rewarding experience for us, and we
hope that we can inspire others to work on international development products as well.
Thesis Supervisor: David R. Wallace
Title: Professor of Mechanical Engineering
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I. Background
The Birth of an Initiative
It's no secret that around the world today there are hundreds of people in need,
particularly in third world countries. These people are in need of things quite often taken for
granted in modem first world countries, such as food, fresh, clean water, and shelter from the
elements. While these people struggle to simply survive, first world countries have thrived, and
a result of this success has been a massive technological expansion during the course of the past
few decades. What ties these two walks of life together? Regrettably, the two worlds share very
little materially at the moment.
Fortunately, numerous groups are working to help find new solutions to problems that
keep third world citizens in a constant fight for survival. For Example, in the fall of 2009, a
group of senior design students at MIT was introduced to one of these third world needs. It all
started as a simple, tiny idea, but by the end of the semester, the Komera project was born. This
thesis documents how we, the Komera team, took an idea and turned it into an initiative, and it
details what problems we faced along the way.
The Komera Cause
Early in the fall of 2009 we first learned of the humanitarian crisis that would lead to the
birth of Komera. One of the thesis authors, Amrita Saigal had spent the previous summer
working at Always, a commercial U.S. mass-producer of sanitary pads, and while there she was
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introduced to the unsettling details surrounding female sanitary protection in developing
countries. Amrita was struck by the magnitude of the problem, and she brought the details with
her back to MIT.
The problem is one never even imagined by most first-world citizens. Currently, women
and girls in Rwanda miss up to 50 days of work or school each year due to lack of access to
sanitary protection'. Many of these girls are forced to miss because pads are simply too
expensive. The only currently available pads to these women are premium priced international
brands that cost upwards of 10% of an individual's annual salary. Considering the already
extremely low incomes amongst the people of Rwanda (approximately 400 USD each year), this
kind of investment in sanitary protection is simply impossible for most'.
Thus, girls resort to improvised measures, using rags, bark or mud for sanitary protection.
These methods are not only uncomfortable, but extremely inconvenient and dangerously
unsanitary. As a result, girls simply stay home for the duration of their periods. Missing one
week of school each month is detrimental to the women's ability to make a living or complete
their education.
Aust, Rose, Saigal and Smith May 10, 2010
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Figure 1: Komera's goal is to ensure classrooms are always this full
As a possible soultion to this issue, Sustainable Health Enterprises (SHE), assisted by a
group of MIT chemical engineering students, has discovered that banana plant fibers can be
processed into a significantly absorbent material. Banana plants need to be cut back every year,
thus there is a vast surplus of this fiber which is otherwise construed as waste. The material can
be obtained at a very low cost. If a machine could be constructed to produce pads made of the
banana fiber, affordable sanitary protection may be able to find a place in Rwanda.
The MIT Connection
One may be wondering how all this is tied to MIT, particularly strong enough to have an
entire thesis devoted to it. After all, around the world there are too many problems to count that
are similar in scope to the one facing Rwandan women. What gave this particular issue a
connection to MIT? The answer is, in true MIT fashion, a number: 2.0092 . 2.009 is the
numerical code for The Product Engineering Process, a senior capstone design class that almost
every MIT mechanical engineer is required to take in order to graduate. The class consists of
19
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around eight sixteen-person teams, each of which must design and build a prototype of a new
product over the course of the semester. Every year, the class has an overarching theme which
dictates the scope of the products. In the fall of 2009, this theme was "Emergency!"
One of the first focuses at the beginning of 2.009 is idea generation. Every product
spawns from a more general idea, so the first thing to do in trying to invent and design a product
is to come up with as many different ideas as possible, with the hope that one of them will have
enough potential to see through to a product prototype. It was at an early idea generation session
that Amrita shared with her team (the Yellow Team) what she had learned about the Rwandan
sanitary protection situation, and the first thread tying the MIT to this problem was sewn.
The idea for Komera (though it was still nameless at this point) started as one idea among
thirty. Since it was attached to such a pressing need, it was instantly legitimized and rose to be
one of the top few ideas. At one point, Yellow Team presented a short list of ideas to the 2.009
instructors, and was assigned the sub-theme of "Developing World" to work within 3 . This made
the case for Komera even stronger. However, the world is full of legitimate problems that could
highly benefit from being solved by an MIT design team. This was apparent when it came down
to deciding between the final two ideas: Komera and Frostbike, a motorcycle fitted with a cooler
specially designed to transport and refrigerate blood when it needs to be moved between clinics
and hospitals in Honduras.
A grueling three hour meeting took place to decide between the two. The decision was
difficult, as everyone knew that whichever idea did not get selected would probably not have any
other opportunity for development at MIT. For the majority of the meeting the vote was
20
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gridlocked at eight people for each idea. Ultimately, in the final minutes of the meeting, a couple
of passionate speeches emerged emphasizing the better chance the idea for Komera had at
making a more significant impact in the world. These speeches proved to be the tiebreaker;
Komera had won out! The final vote ended up at 12 to 4, yet at times during the meeting it was
extremely close to going the other way. The product selection victory for Komera was founded
on the fact that it had a chance of really making a difference in the world. This fact was the first
inkling that Komera had the potential to become an initiative much bigger than a simple class
project. Yet it also exposed the first challenge of starting an initiative. Ideas are significantly
more plentiful than resources available to address them. It is important to be able to successfully
pitch an idea to the people in control of the resources. Otherwise, as the unfortunate death of the
Frostbike project proved, a real problem may remain unsolved.
II. First Steps
The final design of the beta prototype of the Komera machine was the result of nearly a
year of complex design and prototyping work. The newest version of the machine has a heating
base that automatically seals the pad in a modem pad shape, including wings. The electronics
have been reduced to a few simple circuits, and there is a blower that automatically portions the
correct amount of fiber for each pad. Materials and the size of the rolls have been established
and suppliers lined up for each of the three materials that make the pad.
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The following sections will explain how the Komera machine got to this point, and
everything that went into making the beta prototype what it is. We will walk through the
beginnings of the idea, its initial testing and development, and the alpha and beta prototypes.
Alpha Prototype
The event of being chosen as the Yellow Team's 2.009 project was a critical success in
Komera's growth into an initiative. However, being selected means nothing if there is no
feasible product to actually implement said initiative, so the biggest focus area of the Komera
initiative is designing and fabricating the machine needed to manufacture the banana-fiber pads.
After selecting to pursue Komera, the problem was that everyone on the Yellow Team was a
student with little to no real world design experience. 2.009 proved to be Komera's saving
grace. The class is structured to teach teams what steps need to be taken to effectively turn mere
ideas into functioning alpha prototypes.
One of the less stressful but still important elements of the course was naming our
product (the same name which would eventually become the name of the full-blown initiative).
Komera is a word from the Bantu language (spoken in Rwanda) that means to be strong and get
better. This name fits perfectly with our product, although we had some competition for its use.
Another team at Carnegie Melon University was also planning to use the name for a developing
world related product. We entered into negotiations with that team and after some discussion
were able to gain sole use of the name. We have not yet copyrighted the name, and don't plan to
until the organization's longevity is better established.
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Before Komera was decided on for the name of this product, several other candidates,
both serious and not serious, were considered. As chance would have it, one of our first naming
ideas was "iPad." Given the launch of the Apple product by the same name only a few months
later, this was somewhat ironic. Given the context of the machine's use, "iPad" would not have
made sense as a name anyway. Few if any in Rwanda, or much of the developing world, would
recognize the reference, and most would therefore not relate to the name. "Komera," a word in
the language of the people we are initially targeting, will have meaning to those who hear it, and
correlates a message and feeling to our product. It may also make the product feel more familiar
to users, which would be a big step in encouraging adoption of its use.
Some of our more whimsical naming suggestions included "Rob's House of Pads," after
a 2.009 team member, and "BLP Machine" standing for Banana Leaf Pad Machine. We
attempted to stay away from names that simply described the machine, because the end goal was
to create a name that would convey more of a message or feeling about the machine.
Back on the technical side of things, Komera struggled in the early phases of the
engineering process. This was primarily due to the fact that the team's end goal was more of a
process to produce pads, rather than a single product. The machine was intended to be integrated
into a single unit, but the fact remained that the individual modules of the very early Komera
designs each had as many problems as other teams' whole products. Through the first three
major design milestones, Komera lagged behind roughly one full milestone. All of a sudden it
was the end of Thanksgiving break, and the final presentation was 10 days away. These 10 days
are all but a blur in everyone's memory, consisting of 10 hour lab days, frequent Home Depot
23
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runs, and an organizational nightmare. By the final competition on December 7 th, 2009, Team
Komera had fabricated a functioning alpha prototype! Figure 2 shows a full rendering of the
final prototype (a) and a top view of the actual machine (b).
Figure 2 (a) Full rendering of the prototype (b) Top view of the actual machine
The machine used parts from commercial heat sealers to seal the polyethylene and gauze pocket
together. A modified leaf blower was used to blow the absorbent banana fiber pulp into the pad
pocket. Team Komera had accomplished its goal and was basking in the warm glow of success.
However, in the days following the competition, it became apparent that, in terms of Komera's
long term goals, the success was somewhat qualified.
Komera wouldn't exist without 2.009. The course provided the necessary structure and
design process to lead a team of students to turn an idea into a physical prototype. Yet at the end
of the course, the team looked back and realized that Komera still had a way to go before it could
actually help women in Rwanda. First of all, we needed to add the focus of developing world
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design to the project. In particular, we needed to start thinking about restricting cost. In 2.009
we were afforded the luxury of not having to pay too much attention to cost over the course of
the design process. Komera Team did have a budget, but it was large enough that cost did not
often play into design decisions. The final design would need to be as cost-efficient as possible
to focus on the major issue of affordability on the ground in Rwanda.
Another unfortunate reality of 2.009 was that it only lasted one semester, and there were
strict deadlines along the way. Also, everyone on Team Komera was entirely inexperienced in
product design. The deadlines certainly accomplished their goal of helping teams reach an alpha
prototype, without them Komera would have had difficulty every getting farther than a tech-
review level product. However, at least in the case of Komera, the deadlines combined with
slow-moving due to lack of experience forced us to cut some modules out of our alpha prototype.
Yet we knew these modules would need to be in the final design in order to best solve the
problem in the field.
At the end of the reflection, Team Komera reached a unanimous conclusion: while the
alpha prototype produced in 2.009 had merit and was a strong proof of concept, there was still a
great deal of work to be done on the Komera initiative. A new design was needed to reinstitute
dropped concepts and fully focus the design toward the true end goal of affordable sanitary
protection in Rwanda. Excitement was building amongst the team; while the alpha prototype
had its many drawbacks, the fact that it was complete and moderately functional was motivating.
The only problem that remained was the fact that all of Team Komera's members were students
who all had a number of other things to focus on in order to graduate. Plus, Komera needed to
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be focused on more than as a side project of a handful of students. How could Komera be
effectively carried forward?
Komera: The Next (Design) Generation
It turned out moving forward with Komera would not be as difficult to arrange as first
expected. Everyone on the 2.009 Yellow Team knew a thesis would be required of each of them
in order to graduate. The fact that saved Komera was the ability to complete a group thesis.
Komera would have been too big of a project for just one person to take on, but a group of four
students (the authors of this paper) thought it to be a great opportunity to continue pursuing the
project. In addition, three other Team Yellow members stayed on to help out through a UROP or
spare time.
Electing to work on the next generation of Komera via a thesis granted the us the degrees
of freedom necessary to focus the project on growing into a true initiative. A focus was placed
on cost-considerate material selection and design. A whole new timeline allowed for concepts
that were previously dropped due to lack of time be reworked into the new design. Also,
shrinking the design team from sixteen people to six (the seventh student stayed on solely to help
out with administrative tasks) allowed for much more manageable and streamlined design
meetings. Perhaps the most important element of the decision to carry on Komera as a thesis is
the ability to retain use of MIT resources, particularly lab workspace.
The refinement of the Komera team inspired new goals. In 2.009, the main focus of the
project had been to simply prove the feasibility of the solution concept. While the alpha
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prototype left a lot of holes to be filled, it did successfully prove said feasibility. Komera's new
goals were based on optimizing and implementing the design. One of the first tasks we
completed during lAP was the act of writing out a detailed statement of goals and project
timeline. In short, the original goal was to have next generation pads finished by spring break,
and a fully prototype ready by the end of the semester.
As it turned out, staying on schedule with our original timeline proved impossible. The
goals we set were based on our previous experiences in an idealized classroom setting, and were
therefore not realistic enough to absorb the many obstacles that accompany the process of
growing a simple idea into a full-blown initiative. One obstacle repeatedly stood taller than all
the rest: Funding. In 2.009, we had been spoiled with a sizeable budget. At the beginning of the
thesis, we had $0 allocated toward the project. Short of breaking our collective already low
college bank accounts, we had nothing with which to begin testing and fabricating of our new
ideas. It was time for Komera, as many young had initiatives before it, to begin the search for
financial sponsorship.
Ill. Funding
The New Financial Dilemma
When Komera was in its initial stages of development, it was under the umbrella of
2.009, where guidance, structure, and funding were plentiful. Each team was provided a credit
card with $6,500 to spend on materials for sketch models and prototypes. This meant that money
was not a concern during the design process - we were able to purchase any materials needed at
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any time. Because we had adequate funding, we were able to explore and experiment with
solutions that were thought to be experimental, risky, or expensive in the search of something
that fulfilled the functional and aesthetic requirements of our project. All of this changed during
our second semester of work. We no longer had our own team credit card or backing of an MIT
course. After our final 2.009 presentations, despite the fact that we were all eager to begin
designing and fabricating the next generation of Komera, we needed to focus on the finance first.
Part of the reason why we decided to continue to work on Komera as our senior thesis was the
departmental funding for the project. Most theses provide money, either through the lab or
directly through a professor, for the project so that students may purchase materials for
prototypes. We were informed that the mechanical engineering department would provide $500
for further development of Komera, thanks to the Richard J. Tello fund. Without this support we
could not have even begun our work on this project, and hence we are extremely grateful.
However, while this is a good deal of money more than many thesis students receive, it was
about 8% of the money we spent on design the previous semester. Forseeing that we would not
be able to cut back our design costs on the same amount as our cut in budget, we knew that we
needed to find money from alternate sources. Previous 2.009 projects that were continued
beyond the first semester received money from various design competitions. We decided to look
into a few different sources, both internal and external to MIT. Most of these prizes were sent
via the IDEAS competition mailing list.
Competition Season
The first competition we entered was the Dell Social Innovation Competition. The
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proposal was short and sweet; it focused on the problem in Rwanda, and how banana fiber pads
could generate a solution. The full text of the proposal is attached in Appendix A. The goal of
the online proposal, however, was not to "wow" the judges with a compelling need or prove that
we had functional prototypes, but to simply get the most votes. This seems to be a recurring
pattern in most online prizes - deciding upon winners in a "social-networking" type vote. We
managed to get 250 votes without telling any of our friends or co-workers. In retrospect, it
would have been very feasible to focus on campaigning our project. Komera has a very
compelling need that has the potential to pull at the heartstrings of both judges familiar with the
need, and people initially unaware of the issue. However, we wanted to spend time working on
our prototype, and competing against hundreds of other teams in an online vote did not seem to
be the best use of our time.
One opportunity for funding that we had been discussing at the end of the first semester
was the IDEAS competition at MIT. The competition gives $50,000 to teams that use invention
for public service, and states that it "encourages teams to develop and implement projects that
make a positive change in the world." Many projects originating from classes (2.009, D-Lab)
have been very successful in the competition. The strong support network, we concluded, would
give us structure in deciding how to shape future development of Komera, and provide concrete
checkpoints for us to work towards throughout the semester. If prize money is awarded, the
winning teams are given up to one year to use the money to implement their projects. There
were no strings attached, no affiliations with external groups, and no stipulations on how the
specification or design of the final product. The competition requires an initial proposal
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submitted on October 18th, or on the 15th of every month thereafter. Proposals are then refined
and final proposals are due on April 15th. In addition to the proposals, projects are evaluated at a
poster and judging session at the end of April, with awards following thereafter. The projects are
judged based on innovation, feasibility, and community impact.
Our initial proposal was submitted in December, shortly after the conclusion of 2.009.
Throughout the previous semester, the majority of our writing was technical and pertained to the
function and design of our product. In the proposal, we needed to focus on the implementation
and use of the product. We needed to think not only about the design of the product, but also
where the materials are found and where they are fabricated, for example.
We submitted proposals each month, five total from December to April. After each
proposal, IDEAS staff provided feedback through meetings and in written form. These reviews
were typically very detailed and gave our team many things to change and work on. Although
our overall concept, vision, or intention remained unaltered, careful thought and wording
changed our proposal drastically.
Our December proposal was well received in terms of feasibility of technology.
However, one of the biggest issues we had to deal with was the transformation of our group from
a 2.009 team to an IDEAS team. In a class setting, working with 16 people is not a problem.
However, large numbers become an issue when the project loses some of its structure and, most
importantly, funding. We had to clearly delineate what each person worked on for the project
and what their responsibilities were. Dividing intellectual property over a smaller group of
people is easier both logistically and legally. In addition to reducing the team in size, we had to
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think about our varying expertise. In 2.009, we are all mechanical engineers with the goal of
creating a good product. The IDEAS competition has more to do with public service than pure
product development and thus we needed to consider who on our team would take on
responsibilities such as marketing and finance to a great extent than in 2.009.
One important issue that was brought to our attention during the December proposal
feedback was continuity. Everyone on the Komera team was a senior at the time and would
graduate come June of 2010. The IDEAS prize money is awarded in May, which leaves the
summer and following years for implementation of the project. Although we began to feel this
way, we realized that we needed to focus on turning our project into an initiative - something that
had continuity and structure, and something that would survive even after we graduated. This
changed the way we thought about our proposal for subsequent iterations. Instead of focusing on
our technical solution, we focused on the sociological and economic impacts of our product,
what we planned to do with the IDEAS prize money, and how we would ensure that the project
would continue in our absence.
Regarding the actual technical innovation of Komera, the IDEAS competition was much
more concerned with the cost, assembly, manufacturability, and maintenance than 2.009. It was
an important lesson we learned, when trying to take a project and turn it into an initiative, that we
should spend more time focusing on where the materials were from and how they would be
manufactured. The design and fabrication of the table was a big part of our final presentation in
2.009, since we wanted Komera to resemble a finished, aesthetically pleasing product. The fact
that the table was so expensive and difficult to manufacture was a problem for our IDEAS entry.
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We decided to focus more on the individual functional modules (sealing, cutting, and filling) and
ensuring that the materials used could be found and manufactured locally before moving onto
aesthetics of a table. We also failed to mention details about how the machine was assembled,
how much it cost, what its weight was, or if it was modular or not. These elements had been
rushed in the final weeks of 2.009 and needed to be reconsidered, especially when our project
was being evaluated for its feasibility in a social entrepreneurship context.
Other aspects of our proposal highlighted our need to separate ourselves from our
community partner, SHE. It is not enough to rely on an external organization when working on
an initiative. We needed to transform our project into a sustainable initiative. What would
happen if SHE failed to follow through with partnerships with governmental organizations in
Rwanda and international banks for microlending? Although we were fortunate to have such a
strong community partner, this strength also provided challenges in that we neglected to take
responsibility for many key decisions, such as how the machine would actually end up in the
hands of the people who needed it. This forced us to reconsider the business plan we had
presented the previous semester, and solidify a commitment /partnership with SHE. Instead of
assuming that SHE would take care of the microlending with international banks, we asked for
specific information on these banks and conducted our own background research on these
banks. This not only added credibility to our IDEAS proposal, but gave us the information
needed to act in the case that SHE did not fulfill its commitment. The act of entering the IDEAS
competition itself was a good step for Komera in that it separated us from SHE and allowed us to
be considered as an independent initiative. Additional feedback from the proposal was that we,
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as the Komera team, should also be more willing to work with SHE on the manufacturing of the
machine and distribution of pads. This feedback changed the way we approached contact with
SHE, as we began to ask more questions about what was going on in Rwanda, and less about the
design of our prototypes.
We neglected to explain how we would independently account for the machine
manufacturing, distribution, and refinement in Rwanda. We also had no plan for maintenance or
growth support once machines were implemented.
Our next iterations of the proposal continued to receive feedback regarding the cost and
manufacturing of our machine. We realized that we needed to focus much more on how our
components were made. Once we started working on subsequent prototypes, we strove to find
the solution that was the most cost-effective and easy to manufacture, even if it did not look as
good as previous solutions.
The final version of our proposal focused heavily on how we have a team would provide
continuity for our project. Since the start of the semester, two members of our team (Ariadne
Smith and Katie Smyth) had decided to stay at MIT for graduate school, giving them the
opportunity to act as consultants for students wishing to continue with the project. We turned
our energy to recruiting and made contact with two sophomores in mechanical engineering
interested in Komera. The IDEAS competition also provided excellent press for our project. At
the final presentations, we had several students express serious interest in working on Komera in
the following year.
Aust, Rose, Saigal and Smith May 10, 2010
Professor Wallace
A key aspect of the IDEAS competition enabling us to continue to work on our prototype
were the development grants available to help teams work on their projects prior to the final
judging and competition. These grants turned out to be well-timed, and were our sole source of
funding for the majority of the semester. It is worthwhile to enter IDEAS simply for the
opportunity these grants present.
In addition to the numerous opportunities for feedback and funding, entering the IDEAS
competition was a great test for our group. It is one thing to use an international development as
a backdrop for product design, but a completely different challenge when it is the entire initiative
and proposal for social innovation that is being judged. We had to evaluate whether or not our
project was realistic and if we could convince other people that it was as exciting and innovative
as we thought it was. When working on an international development project, it is helpful to
have as much feedback and structure as possible to keep the scope of the project realistic and its
development on track. The IDEAS competition is a great way to introduce both regular feedback
and structure. It is their job to provide constructive and honest feedback, which is often hard to
find outside the structure of a course.
The IDEAS competition took place just shy of this thesis deadline. Our hard work paid
off, and we were awarded the $5,000 IDEAS award sponsored by Eberhard and Shahla
Wunderlich. We are excited to have the funding to continue our project this summer and next
year, and extremely grateful for the support and guidance that allowed us to win IDEAS.
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IV. Collaboration
Working with a Community Partner
We maintained communication with SHE throughout the semester, sending email updates
at least twice a week, and holding a weekly conference call in which we updated Elizabeth on
our status and heard about any updates from Rwanda. During the first part of the semester, the
calls took the form of consultation with outside contacts of Elizabeth's. At first, we were excited
about the possibility of having additional reviewers and feedback. However, after several such
consultations, we realized that these calls were not helpful to us. Although the consultants were
extremely knowledgeable, they did not understand the scope of our project or see any of our
previous progress. One particular consultant is the CEO of a prominent design and
manufacturing company. His suggestions often resembled ideas that we had tested earlier in the
semester and deemed unfeasible. We were asked the same questions that had surfaced during
2.009, such as the availability of biodegradable materials (which, at this point, are not feasible
cost-wise). Consultants rarely asked us what we were having trouble with and instead tried to
offer holistic, system-wide solutions that were not useful us at the time. We learned a very
valuable lesson that feedback is not always helpful, and at times, can really slow down progress.
We spent more time trying to politely turn-down additional advice at some meetings than we did
brainstorming or prototyping.
A lot of our problems originated because we did not have good communication with our
community partner and consultants. Part of this, we feel, is because of the fact that we were
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working, for the most part, with non-engineers at SHE. Our community partner expected
prototypes to be finished out much faster than was possible. SHE would ask for something, like
"cleaner edges" on pads, and expect a prototype to emerge almost instantly. It was our fault for
not providing better communication along the way. When working with non-engineers on a
technical project, it is important to explain details of prototyping and the successes and failures
in the design process such that outside consultants will understand the pace of the project.
Another problem that originated from our poor communication was a lack of respect between the
two parties. Our community partner would not trust our judgment or opinion. However, when
one of the consultants she was working with told her the same thing, she was happy to accept it.
Conversely, we grew increasingly frustrated with our communication with SHE and weren't
eager to continue our collaboration with her.
While we were grateful for what we had gleaned from our relationship with SHE, we
were ready to focus on actually building our second prototype. About midway through the
semester, after we had a solid foot in the door to IDEAS, development grants to buy materials,
and more-than-desired communication with SHE, we started focusing on creating a less
expensive, more effective machine.
V. Heating and Sealing Module
First Attempts
The heating and sealing press was the element of our machine that tied two of the
functional requirements together: the sealing of the polyethylene to the gauze, and the cutting of
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the pads. The press had to accomplish both in an efficient, easy-to-use, and safe way.
Our initial inspiration for the heating press was a conventional heat sealer. We ordered
many varieties of commercial heat sealers, including a roller and a press with a sealing "arm".
These relatively inexpensive heat sealers formed seals very quickly. However, one of the
problems with heat sealers was the quality of the seal produced. The heat sealer made seals very
quickly, but these seals were not good quality - sometimes, the heat sealers melted through and
disintegrated the polyethylene. Other times, the seal was too thin and tore apart very easily. We
were able to adjust the settings on the heat sealer to make adequate seals and decided to
incorporate the heat sealer into our functional design.
In addition to determining how fast each pad was sealed and cut, the press also determined
how many pads could be made at one time. Our initial design included a fork with five spaces
for pads. Each arm of the fork was lined with rubber to create an adequate seal. The actual
heating and cutting was accomplished with wires on the bottom, wood base plate, heated with
current. The elbow of the press included a torsion spring such that the press was in the neutral
position halfway between being in the fully open and closed position. The press itself was made
of welded steel bars and a handle that rotated to reduce the amount of reach and force that the
user had to exert on the press. There were many problems with this design. Not only did it
produce a poor quality seal, but the ergonomics of the press were clunky and dangerous. The
heated surface area of the press was so big that it would be easy for a user to accidentally bum
herself. It also required the user to reach very far back when lifting up the press, which not only
put unnecessary physical stress on the user, but increases the likelihood of the woman operating
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the machine getting burnt.
Figure 3: First iteration heating press
Alpha Prototype Version
The second-generation heating press was very different than our initial design. We still
decided to incorporate the idea of a fork with heated wires. However, the wires in the base-plate
were taken directly from replacement heat-sealer kits and created much more reliable seals. We
designed a custom base-plate from using a special thermal-resistant resin (Ultem*TM resin) with
grooves for the heating and sealing wires and the pad itself. Having these grooves helped guide
the user through the use of the press, as it was easy to see where the pad should be inserted and
where the heating and cutting takes place. We decided that trying to seal and cut five pads at one
time was inefficient and clumsy. We decided to reduce the press to a have a single-pad capacity.
Although this increased the amount of time spent on each pad, it allowed us to have a more
elegant and easy-to-use design with better quality seals and cuts. Because we were integrating
the blower as our filling mechanism into the design of the press, we decided to incorporate our
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final seal into the lever arm of the press. The final seal is mounted on a ball and spring, making
it easy for the user to press down and ensuring that the sealing edge does not get in the way of
the blower nozzle, as its neutral position is at the top of the press, as seen in Figure 4 below.
Figure 4: Second iteration heating press
This second iteration of the press was more ergonomic than our previous design. The heating
arm was shorter, meaning that users didn't have to reach very far back in order to open and close
the press. Like the previous design, the hinge used torsion springs such that it rested in the
middle position, as shown above in Figure 4.
This design worked well for our final prototype in 2.009. It had a simple, polished design
and was easy and efficient to use. However, the design was not practical if we wanted to see the
Komera machine in Rwanda. The lever part of the press could be manufactured from locally
available materials - we welded steel together for the handles and used simple punching and
springs for the hinge. The base plate was a different story. We used very specific heating
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elements for the wires used to seal and cut pads that might not be available in Rwanda. Also, the
base plate was made of the very expensive Ultem*TM resin that would need to be shipped from
the US. It took people on our team significant periods of time to mill grooves for the wiring and
the pad, and even longer to incorporate the electronics. This solution is too expensive and
difficult to manufacture to make it a feasible option in a developing country.
Third Generation
We started work this semester looking into more cost-effective solutions that could provide
high-quality seals for the pads. Our inspiration this time, instead of heat sealers, was an
inexpensive hot-plate. Initial sketch models with the hot plate were promising. They produced
fast, good quality seals. Hot plates are locally available in developing countries like Rwanda.
We took apart the hot plate to see how we could reverse engineer it to fit the shape of our pad.
What we found was very simple and easily replicable: copper tubing heaters and a steel or
ceramic top plate. We designed a new shape for a pad and lined the base plate with the copper
tubing heaters we had purchased. The copper tubing was flexible, which allowed us great
flexibility in choosing a shape for the pads. We were able to incorporate wings (flaps on either
side of the pad that allow the user to attach the pad to undergarments by folding over), which our
clients had been asking for and was previously deemed unfeasible.
Instead of using a steel or ceramic for the top portion of the press (where the pad is
pressed, outlined in black in Figure 5), we decided to try a frying pan. Not only is it already
equipped with heat-resistant Teflon, but it is inexpensive and available in virtually every country.
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In our models, we water-jetted the frying pan. But in an area where water-jets are not readily
available, the frying pan can easily be cut out using other tools - a band-saw or hand saw - since
the design is not intricate or complicated. The copper tubing can also be bent fairly easily. As
long as all sides come into contact with the copper tubing, the exact radius of curvature or shape
can be slightly different.
Figure 5: Third iteration press (bottom and isometric model views)
The top of the press remained fairly similar in form to the previous iteration. Also seen in Figure
5 is the full design of the press. The handle remains the same form factor, with a spring and ball-
handle. The blower is inserted in the same way as the previous iteration. However, instead of
having an open top, there is a mesh screen covering the top of the pad when it is filled to restrict
its expansion, but still allow air to pass through. This design is both easier to manufacture and
less expensive than any previous iterations completed. The materials are locally available, and
the shapes are not as complex as previous designs. The seals are of also of a better quality.
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VI. The Pulp Distribution System
Background
One of the modules that was originally dropped from the 2.009 Komera alpha prototype
was a system designed to portion out the correct amount of fiber needed for each pad
automatically. Attempts at creating this module persisted until the Tech Review, at which point
the device was still ineffective and hand-portioning was deemed the most reliable option to use
at the final presentation. However, if hand-portioning is used, it is almost impossible design a
machine easily operated by only one person. Adding another person is not desirable, as it the
profits from each pad would need to be split, and therefore the price of the pad might go up,
which is the opposite of what Komera is trying to achieve. Therefore, an automated pulp
portioning module was reinstituted, and became the centerpiece of the Pulp Distribution System
(PDS). The other components of the PDS include the pulp blower (which was already fully
proven in 2.009) and the nozzle.
Understanding how to work with the pulp material was one of the most important steps to
designing the PDS. The pulp is similar in appearance to yellowed cotton, but it handles
significantly different. Figure 6 is a picture of a clump of the pulp.
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Figure 6: Absorbent Banana Fiber Pulp
Cotton is much more cohesive than the pulp; it is easier to pull apart the pulp than cotton.
However, the pulp clumps in a very irregular manner that makes it difficult to work with. After
many different approaches were tried during 2.009, it was determined that the only feasible
option for automated portioning needed to involve keeping the pulp in an airstream, which
helped minimize clumping.
Planned Design Goals
Since we entered the PDS design after having spent a semester in 2.009 learning about
the pulp properties, we quickly developed a plan to test and fabricate, with the hopes of having a
final module completed by semester's end. The original PDS plan had 3 areas of focus:
automated portioning, filling shape and consistency, and an optimized nozzle. The design for
automated portioning was inspired by one of Yellow Team's instructors in 2.009 and
incorporates the need to use airflow to effectively handle the pulp. It uses the natural vacuum of
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the leaf blower to suck pulp out of a hopper and into a stretch of PVC pipe. The PVC pipe has
two gaps, one for a wire screen and the other for a rubber sheet designed to block flow in the
pipe. When the pipe is in its "load" configuration, the screen is inserted and the vacuum pulls
pulp against the screen, "stacking" pulp along the pipe. When enough pulp is stacked in the
pipe, the rubber sheet slides in and cuts off the flow of pulp from the hopper, and at the same
time keeps any excess stacked pulp on the hopper side of the rubber. The resulting volume of
pulp between the screen and the rubber is the prescribed amount necessary for one pad. This
volume will be the result of future testing, which cannot be completed until the new sealing
module is operational. After the rubber sheet essentially measure out the pulp, the screen is
lifted and the portioned pulp enters the blower, eventually ending up in the pad. The original
pre-fabrication solid model of the concept can be seen in Figure 7.
Figure 7: First Solid Model of PDS Auto-portioning System Component
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The second part of the PDS plan looked at filling consistency and shape. One of the problems
with the alpha prototype is that the pads were no constrained enough as they were filled,
resulting in poor packing of the pulp. To attempt to combat this, screens were designed into the
new sealing module which constrained vertical expansion of the pads during filling.
The final part of the PDS plan for redesign addressed the nozzle. The alpha prototype
nozzle performed successfully, but not optimally. The transition from 2.5" diameter hose to 1"
by 0.5" was too short, resulting in the nozzle becoming clogged on occasion. There were two
options to be investigated: a nozzle could be thermoformed from scratch, or standard shop-vac
nozzles could be thermally reset to Komera's specifications.
Actual Design Progress
As with many other aspects of the growing Komera project, the initial redesign plans
were overly optimistic. A final, perfected module would not see completion by the end of the
semester, partially due to the scarcity of funding, and partly to an underestimation of the time
needed to successfully design a new part from the ground up. However, significant progress was
made, to the point where the PDS is a final redesign away from becoming a completed module.
The majority of the PDS design focused on the automated portioning system. Bench
level tests were carried out and successfully proved the concept. A mock-up was then fabricated,
photos of which can be seen in Figure 8.
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Figure 8. Various photos of automated portioning module
This mockup provided significant insight on what elements need to go into the final design.
Primarily, when pulp is being transferred along the pipe, it is important that the system have as
few outlets for the air as possible, so that the force of the vacuum is focused on moving the pulp.
Even without a fully sealed system, the mockup functions almost completely as the concept
plans, which is a good indicator that one redesign focusing on precision and a fully sealed
approach would result in a successful final module.
To improve pad filling, screens were implemented into the new sealing press as planned,
but the success will not be measured until fabrication of the sealing base is complete.
Finally, both nozzle options were researched, and a decision was made to proceed with
thermally resetting preexisting shop-vac nozzles. Thermoforming requires expensive equipment
and a skilled technician, while one can reset a preexisting nozzle using simply a reusable mold
and an oven or heat gun. In terms of both cost and manufacturing feasibility, thermoforming lost
out to adapting shop-vac nozzles.
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PDS Conclusion
The PDS is not complete, but the progress made this semester includes all the necessary
groundwork leading up to a final design, including the proof of concept testing, materials
selection, and mock-up fabrication and testing. The next step is to solid model a final design,
which will be completed before the end of the semester and left to the next generation of Komera
team to fabricate and install.
VIl. Electronics
Overall Electronics Layout and Operation of Alpha Prototype
The original Komera machine's electronics requires two different switches to be
manually toggled during the pad making process. Figure 9a shows the locations of the two
switches. The first switch seals the left side and back of the pad while also cutting it from the
roles of material and sealing the right side for the next pad, and also turns on the blower
mechanism. Figure 9b shows the layout of the sealing pattern. Using this sealing pattern
concentrates all of the electronics and hot components in one location, contributing to safety and
consolidation of electronics wires.
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9(a)
9(b)
Figure 9(a): Both switches are located to the right of the heating press, where they can
easily be reached with the user's right hand.
Figure 9(b): The sealing component layout of the heating press. When the first switch is
toggled, the components in red are turned on. The bright red wire is the cutting wire.
When the first switch is turned on, the blower mechanism comes on, and the second person
sitting at the machine by the pulp bin can hand portion the correct amount of material into the
blower. This fills the pad pocket with pulp and readies the pad for the final sealing step. The
second switch on the machine turns on the sealing component at the front of the pad, sealing the
fourth and final side and completing the pad. Figure 10 shows the heating components while the
second switch is turned on.
Figure 10: When second switch is toggled, only the bottom sealing element turns on.
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Heat Sealing Electronics in the Alpha Prototype
The electronics for the heat sealing mechanisms in the Alpha prototype are taken directly
from commercial heat sealers. Each of the heating elements shown in the figures above is on a
separate circuit, and can be adjusted by separate knobs on the side of the machine. One of the
advantages to this set up is that each element's temperature can be adjusted separately. The
power supply in Africa will not always be as stable as the one here, so this allows the user to
adjust elements a little hotter or cooler depending on the conditions of the power level that day.
It also allows adjustment for material differences. If one roll of gauze or polyethylene is thicker
than another, or is inconsistently thick, the different elements can be adjusted accordingly.
All of the heat sealing elements in this prototype are on timers, each turning on and
remaining hot for approximately 2 seconds before turning back off. This is long enough for a
good seal to be created, but also keeps the heating elements on for the shortest possible amount
of time. This keeps the machine as safe as possible, and keeps the chance of burns for the users
as low as possible. The timing feature was already built into the commercial heat sealer circuits
when they were purchased for use on this machine.
The circuits for the first four sealing/cutting wires were connected then to the first switch,
and the last sealing element to the second switch.
Blower Electronics for Alpha Prototype
As explained in the Blower section, a commercially available leaf blower was adapted for
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use in the Alpha prototype. This blower had no power adjustment feature included, however it
had its own circuit that runs the blowing functions. Because much less power is needed for
blowing the fiber used in the Komera process, an adjustment step was introduced to dial down
the force of the blower. The blower was plugged directly into a variac, which could turn the
power down. Having an adjustment step was crucial, because not only was the original force of
the blower too high, but batches of pulp would likely not be totally consistent over time, so the
force my need to be turned up or down over the life of the machine accordingly.
Redesign of Electronics Layout
The electronics in the Alpha prototype had a number of issues, in both layout and
implementation, which were reconsidered when developing the Beta prototype. The first and
perhaps most important concern was the placement of the switches on the Alpha prototype. To
toggle either switch, the user had to take one hand entirely away from the rest of the machine to
reach it. Also, the blower and first four heating elements were all attached to the same switch, so
that the blower could not be turned on separately. The final seal, likewise, was difficult to use,
because a separate handle needed to be depressed to press the material against the final seal, at
the same time as holding down the rest of the heating press top, and simultaneously pressing the
second switch. Because of all of these issues with the switches, a new layout was designed for
the Beta prototype. The goal of the redesign was to streamline the switches so that they were
easy to use or automatic, and to locate them in a way that made their use and function clear to the
user.
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Part of the motivation behind a redesign was also the desire to not use any written labels
on the machine. It cannot be assumed that the users of the machine in Rwanda will be literate, or
that all users in any country Komera may potential take machines to would be. Therefore, the
placement of the switches needs to correspond directly with their function, so that the user can
understand by placement. Having two identical-looking switches off to the right is very unclear,
and it would be difficult for non-readers to remember which was which. Even with picture
labels, the switches look and placement said nothing about their function, which is not user
friendly.
With these two main focuses in mind, both easy of use and user friendliness, the switch
layout for the Beta prototype was reworked. Because we wanted to make the machine as easy as
possible for users, our goal in the redesign became to make as much of the function of the
machine automatic as possible, so that few or no switches need to be manually pressed for it to
function.
The switches that control the heating elements were incorporated directly into the heating
base, so that the user would not have to manually press any buttons to turn them on. The switch
to turn on the first four elements, in the same pattern as the Alpha prototype, is now a small
button on the base of the press itself. When the user pulls down the press handle to hold the two
layers of material against the heating elements, this presses the button down. When the user lifts
the press handle after the pad is completed, the button resets for the next pad. Figure 11 shows
the placement of this button and how it works.
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Figure 11(a) View of the press base from the top. The button for the first four heating
elements is in the top right corner.
Figure 11(b) View of the press from the side showing the button function. When the
press handle is lifted back up at the end, the button comes up and this resets the circuit
for the next pad.
The final seal is toggled in a very similar manner. The same spring loaded lever is used
in conjunction with the larger press handle to hold the material for the final seal against the
heating elements. When this lever is depressed, a switch on the side in the track the lever
follows as it is pushed down is toggled. When the lever is released, the switch is toggled back to
its starting position, resetting the circuit for the next pad. Figure 12 shows this switch and how it
works.
Lever up, button up, j2(~ Lever down, button down 1 2(b)
enal sea uelemen oa, 12 a Final seal element on.
Figure 12(a) View of the final seal lever in its default position. The lever is up and the
button off.
Figure 12(b) View of the final seal lever when depressed. The button is toggled on, and
when the lever releases the button is toggled off to reset the process for the next pad.
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The user needs more control over the blower, so we determined to include a user operated
switch for it. The potential for error when inserting the blower between the gauze and
polyethylene is high; it can sometimes require finesse if the layers aren't lined up properly in the
press. For this reason, a switch that toggled automatically when the blower was pushed a certain
distance in could cause big problems. If, on the first try, the nozzle doesn't go between the two
layers of material, an automatically operated blower would blow the fiber intended to fill the pad
into the open air, which would then have to be cleaned up and it would be a waste of fiber.
The blower switch was placed on the blower hose right before the nozzle, so that the
button could be pressed using the same hand that guides the blower between the gauze and
polyethylene, leaving the other hand free to pull the layers of material out of the way if need be
to allow the nozzle to get between them. Having the button on the blower hose also clearly
indicates that it is related to the blower function, so the user could easily deduce, without the
need for a label, that this button turns the blower on and off. Figure 13 shows the placement of
this button on the blower hose.
Figure 13: View of the end of the blower hose with the blower nozzle. The button
controlling the blower on and off is just behind the nozzle in easy reach for the hand
holding the hose.
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Electronics of the Beta Prototype Heat Sealing Base and Blower
The heat sealing base for the Beta prototype, as discussed above uses the same setup as a
hot plate to seal a more traditionally shaped pad. This also radically simplifies the electronics,
because the entire base is controlled by one, simple circuit. The heating elements are now
aluminum with copper tubing below that is attached to a cord that plugs into a wall socket. A
heavy duty potentiometer between the tubing and the socket allows the temperature to be very
accurately controlled. In addition to the potentiometer, a simple timing circuit comes between
the copper tubing and the wall to keep the entire system from accumulating too heat much over
time by turning the "hot plate" sealing base off between uses. This will not fully dissipate heat
between pads, but should keep the system from progressively heating up more and more
throughout a day's use. The system has been designed for the heating base to remain hot at all
times, but it is important that temperature not get too hot, which necessitates cutting power
between uses. In the future a circuit may be introduced that measures the temperature of the top
of the sealing base and turns the power on and off automatically when it drops below a certain
threshold.
The blower electronics are very simple for the beta prototype. The system still uses a leaf
blower as its base, but a much more appropriate one for this machine has been substituted for the
Beta prototype. Its circuitry includes a knob for adjusting the power of the blower, which will be
accessible by the user to adjust blower speed as necessary. The whole system plugs directly into
a wall socket.
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Components that go to Rwanda will be adjusted before being installed to compensate for
the differently shaped sockets in Rwanda. All components are being chosen and designed with
the difference in voltages between countries in mind, and will either work outright from 120 -
240V or be adapted. Rwanda's power system is 230V/5OHz and uses the European plug shape,
both grounded and ungrounded (plug types C and J).
Vill. Pad Materials
Choosing the proper materials to be used in a product is a huge challenge, one that is
equally important to the design decisions that go into the invention of the machine that produces
the product. Our Komera pads are composed of three materials - a top layer of gauze
(nonwoven spunbond polypropylene), a bottom layer of polyethylene and a middle layer of
absorbent banana leaf fiber. For the top layer, we found that it is important for the weight of the
material to be between 15-20 GSM. If the weight gets higher than that, the top layer becomes
less flexible and it makes it harder to fold the pads for packaging. Additionally, as expected, it is
very important to make sure the top layer is hydrophilic as to make sure the material actually
absorbs the fluid rather than just letting it collect on the top layer of the pad.
For the bottom layer, it is important to use polyethylene with a very small thickness. We
found that working with polyethylene thicknesses around 0. 02" - which is generally the smallest
thickness that polyethylene rolls can be ordered is best. For initial testing, we used low density
polyethylene from McMaster. One of the major issues with this material ordered from
McMaster was that the polyethylene was double layered, so in order for it to be useable, we had
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to cut the polyethylene and roll it onto a separate roll. Many companies in the US will give
polyethylene on a roll, but double layer it, making it difficult to use.
Another major concern about the polyethylene is that it makes a lot of noise if you crinkle
it or fold it up. Many women are very self conscious about noise when changing their pads in
the bathroom. Ideally, we would want a silent polyethylene material like the gauze for the
bottom layer. Due to the nature of polyethylene, we were not able to find anything that would be
noise free, but the polyethylene from Pliant Corporation proved to be the best material possible.
It was less transparent than the polyethylene we had tried from McMaster and Four Plastics.
Additionally, it was relatively noise free, which is a huge benefit in helping women feel less self
conscious when changing their pads in a public location.
Obviously, exporting materials from the US to Rwanda does not make sense
economically. After extensive research, we were unable to find any suppliers of either material
who would sell us large quantities on the exact sizes we needed. Hence we looked at
manufacturers of both nonwoven spunbond polypropylene and polyethylene in India and China.
We found that KT exports would be the best provider of hydrophilic 15 GSM nonwoven
spunbond polypropylene and that Arun Manufactures would be the best provider of polyethylene
on a roll. Both companies are large exporting companies and have done a lot of shipments to
Africa in the past.
Since the top layer of the pad will be coming in contact with the skin, it is important to
address the issue of whether there would be any reaction of the skin with the gauze layer.
Luckily, the gauze layer we would order from them is used by many companies in India for
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feminine hygiene products as well. Hence, we have proof to believe the material is safe, since it
is currently used widely in India. Ideally, we would expect that we would have shipments of the
materials to Rwanda every 2 months.
We also looked into using biodegradable materials for both the gauze and polyethylene
layers. In the world, there are very few companies that have found any materials that behave in
the same way as nonwoven spunbond polypropylene. The major producer of biodegradable
gauze is Natureworks, located in the US. The product they sell is known as Ingeo PLA.
Currently this material is very expensive and if this material was to be used in our Komera pads,
there is no way we could get the pads to the $0. 75/pack of 10 that we planned for. Additionally,
there are no manufacturers of this biodegradable gauze in Africa, India or China, hence making it
impossible to get the materials oversees and any reasonable cost.
IX. Implementation and Business
Into the Field
In addition to pure design and fabrication work, we have had to focus on other challenges
in order to further Komera as an initiative. One of the biggest challenges any product design
team faces is actually figuring out how to bring their product to market. We have been working
closely with Sustainable Health Enterprises to develop a successful business model to help bring
Komera to Rwanda as soon as possible. We have decided as a group that all of our information
will be placed in the public domain. We plan to give SHE detailed documentation as to how to
make a successful Komera machine. SHE employees will be trained by members of the Komera
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team in the area of how to assemble a Komera machine. From there, SHE will train the
entrepreneurial women throughout Rwanda to assemble and use these machines.
Below is a graphic representation of the social enterprise business model we plan to use.
V00$ Profits 0
Training Center Banana Fiber
Customer
Figure 14. Komera Business Model
SHE has already formed a partnership with the government of Rwanda to have access to rooms
in 100 government owned training centers spread throughout the country. A picture of the
training center is shown below. In each training center, the government has agreed to give SHE
one room to set up the Komera machines to be used for sanitary pad production.
Aust, Rose, Saigal and Smith May 10, 2010
Professor Wallace
Figure 15: A Rwandan government-owned training center
The women will pay for the Komera machine by taking out a microloan from SHE. Currently
SHE is negotiating deals with banks in Rwanda to provide the microloans. The banks that are
currently being worked with are Banco Popular, Fema and Kiva. In developing the microfinance
business model, we did a cost benefit analysis of using microloans, which showed that the way
we have designed our business model can be very effective and empowering for women in the
developing world. To see the results of that research and its conclusions, please see Appendix B.
It is expected that the microloan will be taken out by the entrepreneurial women at a flat
20% interest rate and that it will be paid back to SHE over the course of 5 years. Once the
women pay off the microloan, they will officially own the machines themselves.
Market Size
Of the 10 million people living in Rwanda, 40% of these are women of menstruating age. As
mentioned before SHE has already formed a partnership with the Rwandan government to allow
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rooms to be available in government owned training centers for the Komera machines to be
placed. There are 100 training centers located throughout the country and each training center is
expected to be able to serve a population of 40,000 women of menstruating age. According to
data gathered by SHE, of the total 4 million women of menstruating age in Rwanda, they expect
to be able to capture 7. 5% of this market in the first year and 35% by year 5 at which point, it
will stabilize. A graph of this is shown in Figure 16.
Pad Market Share in Rwanda
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Figure 16: Graph of projected Komera Market Share
An average woman uses 15 pads per month or 180 pads per year. If SHE is able to capture 7.
5% of the pad market within the first year, and each training center can reach a population of
40,000 women, this means that every training center will need to provide enough pads for 3,000
women, or a total of 540,000 pads for the first year. By year 5, each training center will need to
serve a population of 14,000 women (35%). This means by year 5, each training center will need
to be able to produce 2. 52 million pads annually. Assuming each machine can produce
approximately 4 pads per minute and the machine are successfully operating 6 hours a day for
220 days in the year, one machine can produce 396,00 pads annually. In the first year, in order
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to meet the demand for 540,000 pads, each training center will need two machines. By year 5,
each training center will need to have a total of 6 machines in order to produce pads to 35% of
the women in Rwanda.
The women who own the machine will not be expected to distribute the pads as well.
The owners of the machine will hire distribution women separately. The distribution ladies will
come to the training centers and will carry 10 packs of 10 pads on either hand. Since the training
centers are centrally located in the different cities throughout Rwanda, it will be the
responsibility of the distribution ladies to bring pads to each of the local villages. For every pack
a distribution lady sells, she will receive a commission of $0. 08. Assuming each woman sells
all 20 packs everyday for 220 days of the year, her annual salary will be $352, which is
approximately the average annual income in Rwanda. Currently, good pads in Rwanda sell for
$2.20 for a pack of 10 pads. The Komera pads will sell for $0.75 for a pack of 10, a 66%
decrease in cost.
Now, we can look at the overall cost breakdown of running this social enterprise as
shown in Table 1 below.
Table 1. Komera Cost Breakdown
Revenues: Costs: Total Cost:
Output of Komera $29,300
Machine 396,000 Pad Materials $8,000 Maintenance $300
Price per Pack of Total Profit:
10 Pads $0. 75 Sanitation $3,500 Salaries $2,100
Total Revenue $29,700 Packaging $3,000 Plowback $300 $400
Annual Microloan
Distribution $3,100 Payment $300
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As mentioned before, each Komera machine can be expected to produce 396,000 pads annually
operating 6 hours a day for 220 days of the year. Realistically, the pad materials including the
gauze (top layer), polyethylene (bottom layer) and the banana leaf fiver will cost about 35% of
the total revenue or $8000 annually. We plan to sanitize the pads with UV radiation before
packing them to be sold. UV radiation is an expensive process and is expected to cost over
$3000 annually. Although packing has not yet been studied in detail, we expect that the
packaging cost for each pad will be a little less than one cent or approximately $3000 annually.
Distribution costs is the commission the distribution ladies will earn on each pack of pads sold.
Since each distribution lady can only sell about 200 pads a day, there will need to be 9
distribution ladies to help sell all of the pads from one Komera machine. This means in year 5
when there are 6 machines in each training center, there will need to be 54 distribution women to
ensure distribution of the total 2.52 million pads.
Other costs are estimated as shown above. There will need to be a huge percentage of
revenues spent on marketing. For many women in Rwanda, sanitary napkins are a new concept
and some may be unwilling to try it, since they have never used them before. Marketing efforts
are going to have to focus on the comfort aspect of the pads and what benefits wearing these
pads have on everyday life - i.e. girls will no longer have to miss school and health concerns
from unhygienic sanitary protection no longer needs to be a concerns.
According to the table $2100 will be spent on salaries annually. This is assuming there will be
approximately 6 workers total per machine. Each machine currently uses 2 people. We then
need to account for someone to take care of sanitation of the pads, packaging, marketing,
62
Aust, Rose, Saigal and Smith May 10, 2010
Professor Wallace
administrative responsibilities such as organizing the distribution women to pick up pads as well
as maintain a good relationship with SHE. Assuming that everyone receives average annual
wage in Rwanda of -$350, this will amount to -$2,100 annually.
Currently, the machine is expected to last approximately 5 years. This may seem like a
lot, but it is also important to notice that we have set aside $300 annually for good maintenance
of the machine, hence we believe, it will be able to last for a good 5 years before needing
replacement. Additionally, we are setting aside $300 annually in order for the women to buy a
new machine after 5 years without taking out a microloan. Hopefully as new models of the
machine are made in the years to come, the cost of the machine can come below $1000.
With 4 million women in Rwanda in need, this gives room for 6 machines, or 6
businesses, to be run through each of the 100 training centers, or a total of 600 new businesses.
Considering not only the woman who initially takes out the loan, but also the women she hires to
work for her, this has the capacity to create over 9000 jobs. This model lays the groundwork for
not only creating successful businesses for the people it serves but also steady income for the
long term.
Environmental Concern
There has been concern as to whether we are negatively affecting the environment by
using banana trees as the main pad material. The answer is no. Banana trees only grow one
batch of bananas each year. Once these bananas are harvested, no more bananas will grow that
year. We plan to cut down the banana tree after the bananas for that year have been harvested.
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Banana trees grow quickly and once the tree is cut down, a banana tree will grow in the same
spot next year and the process will be repeated. By using banana trees for our sanitary napkins,
in no way are we potentially taking away food supply from the citizens of the country.
X. Conclusions
Komera began as a very abstract idea, a theoretical solution to a problem on the other
side of the world. During the 2009-2010 academic year, MIT students took on the unique
challenge of taking this idea and not only constructing a concrete, functioning solution, but also
turning the idea and product into a total initiative, headed toward real world implementation. As
this thesis has illustrated, creating an initiative presents numerous obstacles. Throughout the
course of this semester the Komera team has learned how significantly working on a total
initiative can affect project timelines, finances, and design specifications, when compared to
designing a project in isolation. We hope this thesis successfully documents all the troubles we
cam across in our work, and how we dealt with important problems to ensure the continued
success of Komera.
At the time of thesis publication, the beta prototype is in the midst of fabrication. All of
the modules have been fully redesigned and modeled. The only exception is the Pulp
Distribution System, which will need to go through a redesign before it is finalized, as it was a
new design this semester. This redesign is currently being developed. The completion of the
beta prototype fabrication aims to be accomplished over the summer of 2010, as the Komera
initiative continues to move forward.
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XI. The Future of Komera
Building a New Team
Following the beginning of June, all 7 of the Komera team members will be graduating
from the Course 2 program here at MIT. This poses a significant challenge in ensuring the
continuation of the project and its continued development and eventual launch. The Komera
team has long been aware of this impending trouble, and has taken a number of steps to prepare
for it.
The most important goal for the future of Komera is to ensure that there is a team to carry
on the project once the 7 original members have graduated. We have focused our efforts on the
Mechanical Engineering community and have been actively recruiting for new members. So far,
we have three rising juniors interested in carrying the project forward, and home to recruit 5-7
more to round out a full team. Following the submission of the thesis document, efforts of the
current team will be heavily focused on recruiting, reaching out to all engineering disciplines.
The current new members that have agreed to join are the following:
Jennifer De Bruijn - Sophomore, Course 1, native of Zimbabwe and interested in
sanitary protection issues in prisons in her home country.
Katy Olesnavage - Junior, Course 2, interested in mechanical engineering.
Kelly Ryan - Junior, Course 2, interested in mechanical engineering.
The end of the semester (Spring 2010) will also incorporate training and introduction of the new
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team members and instruction on the project. The new recruits will then be under the guidance
of Laura Aust for the summer of 2010, who will act as the coordinator of the transition and
continue to train and organize the new team.
Making the Transition
The transition from the old team to the new will be an important and vital one for the
continuation of the project, which will, as mentioned be part of the summer responsibilities of
Laura Aust, one of the main 7 members of the current team. She will be taking over the Komera
operations full time for the months of June and July. Her summer goals and challenges will be
numerous, and include the following:
1) Completion of Beta Prototype
The second generation of the Komera machine has been developed during the spring of
2010, however time and funding constraints have caused full integration and production
of the newly developed parts to be delayed. Several parts still need to be built, and the
final machine assembled and tested extensively for consistency and robustness. This is
an especially important task, because the Komera team plans to take this prototype to
Rwanda by the end of the summer of 2010 for an initial installation.
2) Organization of Rwanda Trip
The team plans to send 3-4 members to Rwanda by the end of the summer to implement
our beta prototype. This is a very important step for the machine which will provide
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extensive feedback from our target consumers for both the machine and the pads
themselves. Everything developed for Komera is now at the stage where testing in the
field is imperative so that true feedback can be incorporated into future generations of the
machine. The business model also needs to be tested, to validate that the market size, and
possible capture of market share that have been estimated. This trip will not only provide
closure for outgoing team members, but provide a plethora of fresh material for the next
team members to work with.
3) Finding a Home for Komera
While the director of the Pappalardo Lab in Building 3 at MIT, Richard Fenner, has been
instrumental in furthering the Komera project up until now, the machine needs a
permanent home and sponsor. Another objective of the summer which will help give the
Komera project permanence and ensure its future is to find a professor, lab, or class to
take on sponsorship of the project. This would involve acting as an advisor to the team,
signing off on UROP and other thesis paperwork, assisting in grant writing and finding
funding, and doing design and model reviews for the team. While Pappalardo may be
willing to give out some long term space, it is unlikely that the area given to the current
team can continue to be appropriated solely for the Komera team in the fall. Therefore, a
permanent space for the machine to reside is also very important for the project's
continuation.
4) Organizing the New Team
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It will also be important over the summer to get all of the new team members excited to
start work on the project in the fall. Those that are around in the summer can be
introduced to the project by helping Laura to complete the other tasks above. It is
important to have a cohesive, excited new group of people to work on the project to
ensure that it does truly get continued.
With each of the above tasks completed, Komera can be ensured a future, which all
members of the current machine have a vested interest in. After the summer, Katherine Smyth
and Ariadne Smith will both be graduate students here at MIT, and will assist as consultants to
the new team. This will help with the passing on of information that isn't understood from
summer training, and help to give the new members guidance from those who understand the
project so well and have been through road blocks and challenges before.
Future With SHE
A discussion of the future of Komera cannot be complete without the mention of
Elizabeth Scharpf, director of our community partner, Sustainable Health Enterprises, or SHE.
As discussed in the previous sections, working with this partner has been difficult and presented
some challenges and delays to development of the machine. That being said, SHE has in place all
of the infrastructure needed to put Komera in place in Rwanda, including sites for the machines,
government backing of the project, and banks lined up to finance the microloans for the
entrepreneurs that will use the machines. Because of these factors, the Komera machine cannot
be implemented without the help of SHE, and therefore a continued relationship is necessary.
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That relationship may need to be somewhat redefined over the coming months to ensure that the
development of the Komera machine and its implementation can be carried out as smoothly and
quickly as possible. The connection between the two organizations, Komera and SHE, may not
continue indefinitely, but for the near future, it will be necessary for the realization of the goals
of the Komera team and project.
The Komera project is very important to all of the current members, and we will each
keep a very close eye on the project as it progresses. The project will continue, and it will be
implemented in Rwanda in the near future. We will see that the goals of the project are realized
and that we are able to implement the machine, because the real goal of all of this work is to
bring better lives to women in the developing world. The need for this product is very great, and
Komera will, hopefully very soon, begin to change the lives of those who need it most.
Aust, Rose, Saigal and Smith May 10, 2010
Professor Wallace
XII. Works Cited
"'Our Initiative". 2008. Sustainable Health Enterprises. 10 May 2010.
<http://sheinnovates.com/>.
2"'2.009 product Engineering Process." 2008. Massachusetts Institute of Technology. 10 May
2010. <http://web.mit.edu/2.009/www/index.html>.
3 "2.009 Product Engineering Process Gallery." 2009. Massachusetts Institute of Technology. 10
May 2010 <http://designed.mit.edu/gallery/view-2009-Komera.html>
XIII. General References
Arun Manufacturing Services Pvt. Ltd. 10 May 2010.
<http://www.pefilms-tarps-ropes.com/>
"Baby Diaper Making Machine." 31 October 2009. YouTube, LLC. 10 May 2010.
<http://www.youtube.com/watch?v=VJTFzszPShc>.
KT Exports () Pvt. Ltd. 10 May 2010.
<http://www.ktnonwoven.coml>
"Low Cost Sanitary Napkin Making Video YouTube." 31 October 2009. YouTube, LLC. 10
May 2010. <http://www.youtube.com/watch?v=d6QxcmVqaLY>.
Aust, Rose, Saigal and Smith May 10, 2010
Professor Wallace
XIV. Appendix A: Komera Winning IDEAS Proposal
Team Name
Our team name is "Komera", which means to be strong and get better in the Bantu language.
Team Members
Note: All team members are former members of a product design class (2.009) team at MIT in
the Fall Semester of 2009. However, it is important to note that many team members maintain
skill sets outside the realm of engineering as well, so the fact that the team was born in a
mechanical engineering class does not imply a team of only engineers.
Zachary Rose - zwrose@gmail.com - Team Leader and Primary Contact
Zach is very familiar with all technical aspects of the project. Moving forward he will
specifically be working on further development of the pad material distribution system. As Team
Leader he is responsible for organizing meeting times and working to set timelines and
deadlines. He will also oversee technical integration of all components.
Abdulaziz Albahar - albahar@mit.edu
Aziz has technical experience with all of the components of the project, however moving forward
he is taking on a more administrative role. He will be working to make sure we stay on pace with
paperwork deadlines, including grants and proposals.
Katherine Smyth - ksmyth@mit.edu
Katie has been the leader of the heating base module since the project's inception, and will
continue to use her expertise in this area as the next generation of the project is finalized. Katie
is also the liason to our Chemical Engineering student consultants.
Laura Aust - aust@mit.edu
Laura will be the electronics leader of the project. She is responsible for ensuring all electrical
systems integrate seamlessly, and that the systems will be ready to face the challenges of the
third world electrical grid.
Amrita Saigal - saigal@mit.edu
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Amrita brings both technical and business skills to the team. On the technical side she will be
heading work on integrating all modules into the final table design, as well as ensuring the
product can be manufactured as cheaply and simply as possible. On the business side, Amrita is
working closely with our community partner, Sustainable Health Enterprises (SHE), to develop a
social entrepreneurship model for implementing the project in the field when the time comes.
Kamyin Cheng - kamyin@mit.edu
Kam will be continuing her previous work on the project's material rollers. Also she will use her
experience gained from being an Information Officer in the 2.009 team to help implement a team
website to publicize the project.
Ariadne Smith - ariadnes@mit.edu
Ari will be our team's product specialist. It is her responsibility to ensure the pads our machine
will produce meet quality standards specified by SHE and the surveyed market in Rwanda.
Ariwill be achieving this through work on the heating base and press. Ari will also lead the team
website's development.
Consultants
Our team has a couple of different sources to go for expertise on issues not fully covered by team
members.
MIT Chemical Engineering Team
The class 10.26, which worked to develop the banana fiber pulp that makes our project possible,
is working in collaboration with us this semester. They will be focusing on making the pulp more
absorbent, and helping to test the product produced by our machine.
Industry Design Consultants
SHE is working to put us in touch with designers who are experienced in the manufacturing of
sanitary pads, in order to help advise and refine our design process if necessary. We are
currently speaking with Louis Chapdelaine, from Seventh Generation, and Bobby Chang
formerly of Incase.
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Project Summary
Our project involves designing, fabricating and assembling a manufacturing process to make
inexpensive sanitary pads for women in Rwanda from locally available materials. The need for
his process stems from the fact that women in Rwanda and other developing countries miss up to
50 days of school or work a year due to lack of access to affordable sanitary protection.
Additionally, their makeshift methods of protection include rags, bark, or even mud. These are
extremely unsanitary and often lead to the spread of disease. This is an urgent problem, and one
that we aim to solve with our process. Our solution involves using locally available materials to
make both the manufacturing process for sanitary pads as well as the pads themselves. The
machine we produce for manufacturing will be able to be fabricated out of simple materials, and
assembled using screws, nails, bolts, and weld joints - all within the capabilities of local
workshops in Rwanda. For the pads themselves, we use a pulp made from banana trees as the
absorbent material inside the pads. The availability of this local material as a cheap, effective
substitute is crucial to making pads cheaper for women.
Komera has been in close contact with a community partner - Sustainable Health Enterprises
(SHE) - who has actively been working with the Rwandan government to create job
opportunities for Rwandan women in the area of sanitary protection. The only current machine
with which to benchmark our process employs an inefficient, non-integrated process. Komera
has been able to develop and test an innovative, integrated prototype which produces pads at a
much moreefficient rate. We are now looking to redesign the process for two main requirements:
designing for the specific environment in developing countries, and designing for manufacturing.
The business plan for the project involves selling the machines to local Rwandan entrepreneurial
woman via a microloan-social enterprise model that allows women to earn wages off their own
productivity. All members of the 2.009 team contributed to the initial innovation of the pad
machine. However, the previous prototype is by not yet complete on its own. All new
innovations are entirely owned by the IDEAS team, and these new innovations are vital to the
success of the project. The IP has been entered into the public domain, so no patent will be
sought for this device. It is intended for the final machine to be usable by all, so that hopefully it
can reach many third world nations.
Winning IDEAS would be integral in helping this project move to completion in Rwanda. This
summer the team will need funding to be able to insure final implementation on site in Rwanda.
A number of team members are planning a trip to Rwanda this summer for initial field testing.
Realizing this goal takes solid funding, which is why we have approached IDEAS.
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Project Description
Background
The Komera project goes beyond comfort and sanitation. The underlying goal of bringing
affordable sanitary protection is to empower women in Rwanda through education and
employment.
Currently, school-age girls in Rwanda miss up to 50 days of school each year due to lack of
access to sanitary protection. Many of these girls miss school because pads are simply too
expensive. The only currently available pads to these women are premium priced international
brands that cost upwards of 10% of an individual's annual salary. Considering the already
extremely low incomes amongst the people of Rwanda (approximately 400 USD each year), this
kind of investment in sanitary protection is simply impossible for most.
Thus, girls resort to improvised measures, using rags, bark or mud for sanitary protection. These
methods are not only uncomfortable, but extremely inconvenient and dangerously unsanitary.
As a result, girls simply stay home for the duration of their periods. Missing one week of school
each month is detrimental to the women's ability to complete their education.
Education is the path to a stronger future. Komera not only has the potential to enhance the
education of girls in Rwanda, but also create sustainable methods of work and wealth. The
Komera pads will be manufactured by women in local villages, thus giving them a form of
employment and income that yields products benefiting the local community.
Innovation
Komera has developed a preliminary prototype that includes an adapted leaf blower and
commercial impulse heat-sealing elements to make pads. The current prototype is a working
model that has allowed us to prove the concept and demonstrate the viability of our process. It is
a stepping stone that with some revision over the coming months will allow us to create a
finalized design suitable for manufacture in Rwanda. The details of our machine's parts are as
follows:
1. A tabletop where all the processes will occur
2. A bin for the fibrous pulp material
3. Rollers off of which the top and bottom layers of the pad will be drawn
4. A heat sealing/cutting press which creates pad 'pockets'
5. A modified leaf blower that blows pulp into the pad 'pockets'
6. A hole and box system where the pads will be deposited.
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Our innovations on this project involve all six of these modules as well as the materials used in
them. The banana fiber itself is an innovation, created in a chemical engineering class at MIT.
Raw banana tree fiber was brought by SHE to a chemical engineering class team (10.26 team)
who converted it from raw material to absorbent material suitable for use in sanitary pads. The
mechanical innovations of our machine begin with using a tabletop interface so that, essentially,
tabletop machines can be built and installed on top of any surface. This is a welcome departure
from the current separated process that requires more space and workers moving and walking
around between several stand-alone machines. In order to seal the outer layers of the pad into a
"pocket" we can fill using the blower, we have created a heating press using sealing and cutting
elements from commercially available heat sealers. We have integrated these widely available
and very cheap parts into a single press, capable of sealing the first three sides of the pad and
later sealing the final edge after filling, as well as cutting the pad into the proper shape. By
incorporating all of these functions into a single step, the user can save valuable time. The
machine also uses a safer cutting method because no sharp blades are involved, and all wires
only heat up while protectively covered so a user cannot accidently bum him or herself. We
have also made several innovations around the filling of the pad pocket. We have modified a
leaf blower so we can use its air pressure to first intake the pulp and then blow it out the other
end through a thermoformed nozzle. Finally, by close attention to the placement of modules and
the timing of the process, we have created an integrated and easy to use system that can make
pads quickly, cheaply, and with high efficiency.
The key benefits of the Komera process over the alternative existing process are efficiency and
cost. The existing process that was developed for making inexpensive pads in the developing
world uses what is referred to as a 'Mini India Machine'. This machine is not integrated,
requiring at least 2 separate stations for pad making. These stations are manned by a total of 4
workers, and produce 3 to 4 pads per minute. This is the equivalent of 1 pad per person per
minute (ppm). Our process uses half the labor, or 2 people, and produces the same number of
pads at double the ppm rate. The pre-Komera process is overly segmented, and thereby leaves
much room for error, inconsistency, and lower than expected output. Our process, though, is
integrated and streamlined, and so these risks and problems are greatly reduced. This helps
potential users not only to reduce error and improve efficiency, but also to learn to use the
machine, as it has a low learning curve. The process we have developed is a tabletop process,
similar to an assembly line, which places workers close enough to each other where they are
simultaneously able to oversee the process and interact together. Also, a main focus of our
design is to make the machine easy to move and assemble. Maintenance is still an issue and we
are continuing to work on the robustness of the machine as well as incorporating more parts that
are locally available.
With regards to cost, our team would also like to emphasize the innovation of the material used
in our process and cost advantage it offers. Instead of using standard petrochemical absorbent
fiber that is currently used in most developing world pads, Komera uses absorbent pulp extracted
from banana tree bark. The material starts out as long, stringy fiber, and is then blended, left out
to dry and finally fluffed to yield an absorbent pulp. The pulp has been tested for absorbency and
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it has been found that it is at least 80% as absorbent at the commercially available fiber used
today, but at a fraction of the cost. Using this pulp, which is both locally available as well as
extremely inexpensive, we can significantly lower the cost of our pads. Using our process, a pack
of 10 pads can be sold for $0.75, a third of the cost of currently available options.
Furthermore, safety tests have been conducted by the 10.26 team to examine the material's
toxicity due to skin contact or consumption. They have ruled out any issues due to contact with
the material, which both the 10.26 team and the Komera team have been handling for over a year
now problem-free. Also, the material is well within the OSHA PEL (permissible exposure limits)
for lignocellulosic dust in the air. When our team initially started working with the material,
safety was a primary concern which we addressed immediately so as not to endanger ourselves
or those around us. It is nevertheless recommended that workers put masks on so as not to
regularly inhale the dust particles from the pulp, as a standard safety procedure.
Our current work is to take this prototype and adapt it to the developing world context, removing
unnecessary aesthetic complications from the manufacturing process, and streamlining,
simplifying, and improving the performance of the circuitry, as well as the blower and sealing
components. At the same time, we will adjust the designs of the components of our process for
local manufacture in Rwanda. This will not only include the parts used to build the pad-making
machine, but also the processes used to fabricate and assemble these parts. For example, relying
on bending or cutting metal instead of thermoforming plastic.
Aside from the engineering innovations we have made with the machine and process itself, there
is also work being done considering marketing, manufacturing, and the distribution approach.
Our team is continuing to work with SHE on developing a launch plan, and are currently
planning on setting up machines in the 100 community centers around Rwanda run by the
government there. The initial plan is to implement a few machines at first and chart their impact,
and the function of the set-up and social entrepreneurship models. We also have contacts with
several other different parties concerned with this problem in other geographies, specifically
South America and India, who are interested in potentially adopting and introducing our machine
and process. There is an overwhelming need for a process like the one we are developing in
many places outside of Rwanda and Africa, so we are working to finalize our process such that
we can create a package plan easily adapted and implemented in a wide variety of contexts.
However, our initial focus and the target of all our IDEAS money will be in the field in Rwanda.
Relationship with Sustainable Health Enterprises
Since Komera's inception in the fall of 2009, we have been working with a community partner:
Sustainable Health Enterprises (SHE). SHE is a non-profit organization dedicated to the goal of
getting affordable sanitary protection to women in the developing world. SHE was the primary
motivator behind the original project idea, and they brought the developed banana fiber pad
material to Komera to work with.
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The primary role SHE has played with the Komera project has been an information facilitator.
SHE has a team in the field in Rwanda which has provided the Komera team important
information about how to proceed with the project. This includes feedback from potential pad
end users, availability of raw materials for manufacturing of the Komera machine in the field,
and connections to the Rwandan government which generated clearance for the placement of
machines in government-owned trading centers.
In addition, SHE has introduced the Komera team to professional manufacturing engineers,
providing a great resource for the team to go to with technical questions. These introductions
were helpful in the design of the machine and would not have been possible without SHE.
Overall, SHE has opened up a large number of resources that would not normally be available to
a team of college students. Moving forward, we will continue to take advantage of SHE as a
resource, particularly when it comes to initial testing and implementation of our machine in the
field, as they already have an infrastructure there we can work within to our advantage.
Business Plan/Distribution Model
We have worked closely with SHE to develop distribution model for our pads. Of the 10 million
people living in Rwanda, 40% of these are women of menstruating age. SHE has already formed
a partnership with the Rwandan government to allow rooms to be available in government
owned training centers for the pad machines to be placed. There are 100 training centers located
throughout the country and each training center is expected to be able to serve a population of
40,000 women of menstruating age. According to data gathered by SHE, of the total 4 million
women of menstruating age in Rwanda, they expect to be able to capture 7.5% of this market in
the first year and 35% by year 5 at which point, it will stabilize. An average woman uses 15 pads
per month or 180 pads per year. If SHE is able to capture 7.5% of the pad market within the first
year, and each training center can reach a population of 40,000 women, this means that every
training center will need to provide enough pads for 3,000 women, or a total of 1.35 million pads
annually for the first year. Assuming each machine can produce approximately 4 pads per minute
and the machine are successfully operating 6 hours a day for 220 days in the year, then each
training center will need 5 machines to produce enough pads.
Women will take out a microloan from local banks such as Bank Popular and FINA bank for
$1000 to pay for the machine. SHE has been working with these banks to secure the microloan
capability. If operating at full capacity, the machine can be paid off within 5 years and the
women will also be making a $400 salary annually. There will be women that actually produce
the pads and then there will be distribution women that sell the pads. The distribution ladies will
come to the training centers and will carry 10 packs of 10 pads on either hand. For every pack
sold, she will receive a commission of $0.08. Currently, good pads in Rwanda sell for $2.20 for a
pack of 10 pads. Our pads will sell for $0.75 for a pack of 10, a 66% decrease in cost.
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The selling points of Komera pads are their cost, their absorbency and retention potential, and
their underlying context. The banana pulp pads have the potential to have comparable retention
and comparable if not higher absorption than premium branded pads. They are significantly
cheaper, as previously discussed, $0.75 for a pack of 10. Komera pads are also produced for the
betterment of women in Rwanda, through self-employment and personal development. Women
will get trained to use the machines, be able to make revenue off selling their own production
and provide affordable sanitary protection for themselves and others through this venture. This is
why women will buy Komera pads.
Our specific role will be to initially train 2-3 women in each of the 40 training centers how to use
the machine. SHE will be overseeing the training of women to use the machines, with the
Komera team advising, especially in the initial phases of implementation. Our hope is that
women will continue to train other women and within 5 years the goal of catering to 35% of the
total market can be achieved.
Moving Forward/Implementation
An important question yet to be fully addressed is if Komera wins the IDEAS competition, what
then? How will we move forward with this project and make use of our earnings?
To implement this project, we will work closely with SHE. Their team has extensive experience
with the region as well as contacts who can not only reliably give feedback about the overall
process, but who will also be able to get our machine into use. SHE is helping to provide the
infrastructure and pave the way for our machines to be introduced into the Rwandan community,
and we are working hard along every step of the way to ensure this transition is smooth.
The IDEAS money will go directly to fund the future of the development and implementation of
this project in Rwanda. Specifically, this will go towards training workers in Rwanda on how to
properly use our machine. There are several needs that need to be addressed with regards to
usage, including safety and efficiency concerns, and we would like to ensure they get properly
addressed by requiring extensive background training for anyone to be allowed to use the
machine. This is an investment we are willing to make, because proper use of the machine is the
only way to ensure that quality pads are produced and that everybody stays safe throughout the
production process. The costly part of this is flying Komera team members to Rwanda to conduct
these trainings. Also, a small part of the prize money would be set aside for maintenance of the
project and its machines in Rwanda.
Finally, since all team members are graduating, Komera is working to recruit a new generation
of team members who will be able to continue using the resources of MIT in support of the
project. We have already recruited a few underclassmen (Katy Olesnavage and Kelly Ran) and
will be working to add to this team before the close of the semester. We are also going to search
for a professor at the Institute interested in making Komera one of their permanent projects.
Finally, the Chemical Engineering class we are currently collaborating with plans on continuing
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to devote design teams to the project in future semesters. A legacy at MIT would allow for even
further refinement and improvement of the Komera hardware, which could only lead to a better
solution in Rwanda. However, as mentioned above, the IDEAS money will be used for
implementing our current machine. This MIT legacy would simply be a great supplement to
have for the project moving forward.
Testimonial
My name is Elizabeth Scharpf and I am the founder of Sustainable Health Enterprises (SHE). I
have been working with the Komera team from its beginning in September 2009 and have
followed their progress very closely throughout the development process. It is our goal to have
their machine implemented in Rwanda as soon as possible. My New York City-based team
travels to Rwanda frequently throughout the year and there is also have a team in Rwanda
working with SHE full-time. My team will be learning how to operate the Komera machine and
will then teach local Rwandan women to operate the machine and manufacture pads on their
own. As far as money goes, we have been working on fundraising for SHE and we have an
amount of funds for us to operate through 2011 and are continuously working to raise money for
the organization. We have been working with many different banks including Bank Popular and
FINA bank to be able to provide microloans to the entrepreneurial women in Rwanda. We are
excited about the work the Komera team has been doing and will do everything we can to help
them succeed. We hope the team will be able to come to Rwanda this summer and actually see
the training centers where the machines will be located and work with local women to perform
initial field testing.
Sincerely,
Elizabeth Sharpf
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XIII. Appendix B: An Introduction to Microfinance, the
Problems of Traditional Microfinance, and what the
Future Holds for the Insititution
Anjuman Begum was a deserted woman. Raised in a tiny village in Bangladesh, she
grew up in from extreme poverty. With no other alternatives or hopes for employment she was
taken in by a tailor next to the bus stop near her house, who taught her to sew. Even armed with
her new skills, Anjuman had no way to apply them, and lived effectively on the streets. In the
height of her desperation, she happened to meet a loan officer from a microfinance institution
near where she lived. He introduced her to the possibilities of their loan services, which could
allow her to start a business with her tailoring skills even though she had no credit or collateral.
A few days later, Anjuman enrolled in one of the loan groups. Soon after, she received her first
loan of 5000 taka, or about $70. Using the money, she was able to purchase a sewing machine,
and started a tailoring business out of her parent's home. As her business began to grow, the
microfinance institution granted her a small business loan of 20,000 taka, allowing her to buy
more sewing machines and an embroidery machine. With this she was able to start a small
school, where students would pay to learn to sew. As she took on more and more students, she
was later able to open a beauty salon next door, and now makes more than 15,000 taka each
month. As a result, her living conditions, quality of life, and prestige within her village have
greatly improved and she and her family live a prosperous life. This is a typical success story of
microfinance, an institution aimed at creating wealth and spurring economic growth in the
developing world, and more importantly empowering women and creating sustainable change for
the poor, but does it tell us the whole story? Anjuman's story is by far the exception in the case
of microfinance. Despite the potential of the microfinance industry as illustrated by her success,
many of the stories of women in microlending hide ugly truths of misuse and devastation. In this
article, we will examine the microfinance institution and then take a step back and look at what
the realities are for the women it serves. Most importantly, we will discover with what methods
microfinance can realize its potential and begin to institute sustainable change for women.
Microfinance is a broad term that generally refers to the provision of financial services to
poor and low-income clients who do not normally have access to any type of banking or related
services. Broadly, it has been described as an institution whose object is "a world in which as
many poor and near-poor households as possible have permanent access to an appropriate range
of high quality financial services, including not just credit but also savings, insurance, and fund
transfers." [1] The idea is that access to such level of banking possibilities creates opportunities
for people to rise out of poverty. The core feature of microfinance is the granting of access to
microcredit, almost always to women, who make up 70% of the world's poor. [24] Specifically,
microcredit is the extension of microloans, or loans of very small value, to impoverished people,
again usually women, with the idea of spurring entrepreneurship and establishing sustainable
earnings. Normally, these people would be unable to secure loans because they lack collateral,
measurably steady employment or earnings, and a verifiable credit history. These three are the
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most basic of requirements for normal types of credit, and yet are impossibly out of reach for
most in poverty, especially in the developing world.
Microcredit and microfinance are relatively new concepts, first instituted by Grameen
Bank in Bangladesh in 1974. The generally held view on Grameen is that, over the last 45 years,
it has "successfully enabled extremely impoverished people to engage in self-employment
projects that allow them to generate an income, and, in many cases, begin to build wealth and
exit poverty." [2] Since its introduction, the use of microcredit has grown widely. The relative
success of the institution as a method for lifting people out of poverty and creating sustainable
businesses has helped it to gain credibility and to be accepted and instituted by more and larger
banks. Consideration and acknowledgement from traditional finance institutions today is an
important measure of the success of microfinance, because at its beginnings, almost all wrote the
idea off as highly unlikely to succeed.
Major banks who back microfinance projects are becoming increasingly common all over
the world as the concept has gained recognition for success. For example the National Bank for
Agriculture and Rural Development in India (NABARD) finances over 500 banks that lend
money to what are called SHGs, or Self Help Groups. NABARD's main focuses are financing
and policy in rural development projects, however, it created this 'SHG Bank Linkage
Programme' as a supplement. Through this program, as of March 2006, 2.2 million SHGs
representing 33 million members had been extended credit. [3] This makes the SHG Bank
Linkage Programme the largest microfinance program in the world, and as such serves as a good
introduction to the implementation of a microlending model.
An Introduction to Microfinance Institutions: The India SHG-Bank Linkage Program
NABARD's model in India incorporates many features common to microfinance
institutions worldwide. The Self Help Groups associated with NABARD's banks are generally
comprised of twenty or fewer members, where women from the lowest castes and poorest tribes
make up the vast majority. Like NABARD, all microfinance institutions serve almost
exclusively women, and often use group loans. The former attribute is based largely on the
postulation that, in group situations, women are more likely to socially pressure each other to
make good on the loan and meet repayment deadlines, and also that they are more likely to use
the loan money for the benefit of their entire family. Studies have also shown that women have
lower default rates than men. [24] As we will see later when examining the specific roles of
women in microlending, this view is in many ways overlooks some stark realities of the industry,
including the long term effects of group lending and the roles of men in the transactions. The
other main feature of microlending, the practice of group lending, is based on the original
practice of "solidarity lending," another feature pioneered by Grameen Bank. Solidarity lending
is characterized by lending to significantly smaller groups, usually about five people, because it
is a good balance between having enough people to ensure a feeling of joint responsibility, and
hopefully increase the likelihood of repayment, while being small enough to decrease the chance
of freeloaders. Solidarity lending also lowers the costs to a financial institution related to the
assessing, managing and collecting of loans, and often eliminates the need for responsibility or
collateral (assets) - an important step in the case of the very poor, who rarely have any. There is
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a fixed cost associated with each loan delivered, so a bank that bundles individual loans together
in this way into a group and permits that group to manage individual relationships can create
substantial savings in administrative and management costs. There is also little government
regulation in developing countries to help enforce repayment or secure transactions, so solidarity
lending allows banks and borrowers to leverage various types of social capital such as peer
pressure, mutual support and a healthy culture of repayment to insure their loans. These
characteristics offer some slight drawback however in urban centers, where mobility is greater
and social capital is somewhat weaker, so the practice is much more effective in rural villages,
where most microfinance is targeted today. Dr. Mohammed Yunus, the founder of Grameen,
explains that "...group membership not only creates support and protection but also smoothes
out the erratic behavior patterns of individual members, making each borrower more reliable in
the process. Subtle and at times not-so-subtle peer pressure keeps each group member in line
with the broader objectives of the credit program. Because the group approves the loan request of
each member, the group assumes moral responsibility for the loan. If any member of the group
gets into trouble, the group usually comes forward to help." [4]
Through NABARD, the lending process begins with SHG members saving small
amounts of money, even as little as a few rupees a month, in a group fund. This fund acts as a
group savings account, which members may borrow from. Borrowing from this fund can serve a
variety of functions, ranging from the everyday needs of a family to small building projects to
paying school fees. As each SHG proves able to manage its funds well, it and its members then
become eligible to borrow money from a local bank to invest in small business, farm, or other
entrepreneurial activities. Banks will typically lend up to four rupees for every rupee in the
group fund. [4]
Because these are high risk loans for the banks, despite the assurance from the initial
group savings account (or whatever is substituted in the institution's model), the SHGs are
generally charged anywhere from 12% to 24% a year in interest. The high risk of the loan is the
main factor in high interest rate (an interest rate of 20% is average for these types of loans), but a
contributing factor is that a significant percentage of the income of the institution sometimes
comes from the loan interest, which goes to pay administrative costs or is pumped back into the
system to make more loans available. Loans typically range from one to five years over which
they are expected to be repaid. The expectation is that the money borrowers have invested in
their business or farming ventures should increase profits enough over the course of this time
period to repay the loan.
NABARD's model, where the initial SHG savings account is established before the loan
is given, is designed to teach financial responsibility and independence while giving the lower
classes the opportunity to create sustainable, stable income through building businesses.
Microlending efforts in all institutions are centered on this goal outcome - though they all
implement slightly different variations of the approach. The assumption is that, as borrowers
slowly move up the ladder and have more disposable income, they drive economic growth and
development.
NABARD is only one example of a microfinance institution, but most all others employ
the same principles and similar methods in practice. On the outside, the whole industry looks
like a wild success story, often boasting repayment rates over 95%. As of July 2007, Grameen
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Bank alone has issued US$ 6.38 billion to 7.4 million borrowers, and has been lending for over
40 years. Its founder, Mohammed Yunus, even won the Nobel Peace Prize in 2006. And it has
to be said that in truth it is a very successful industry, at least on paper. It takes in much more
money than it puts out, boasts excellent profits, and in a number of cases has had a real impact
on the lifestyle of the people it serves. However, the question remains regarding whether that
lifestyle change is necessarily for the better in the long term, particularly for the women that sign
the loan agreements.
Why This is Hard for Women in Poverty
One of the major bases of microfinance is that it can be used to empower women, and
that by empowering women, you create more stable families and economic growth for the
betterment of all. However, the stark reality is that, with the current setup of the industry, it is
often not the case that women are empowered through microfinance. In fact, microfinance has
led, in some cases, to even worse predicaments for those within it. What is important in
considering this is why that has happened, and why microfinance in general is seen as such a
mixed bag by so many. By examining a number of recent studies, some surprising and some not
so surprising conclusions surface that can break down this industry and highlight the places it
fails and where can be focused to help it succeed.
Perhaps the most important conclusion we find is that women need to be empowered to
make microfinance work. This may seem obvious based on the fact that it is a tenant of the
industry, but research shows that real empowerment is rarely the case. Without empowerment,
women lack the infrastructure, both socially within their families and communities and in
business sense, to really benefit from what microfinance has to offer. On its own, microfinance
can do little for those without prior know-how or previously established businesses. Sudhirendar
Sharma, who has extensively examined the effects of lending to SHGs in India, explains that,
"Groups with exceptional entrepreneurial skills do make profit but a large majority of groups
only manage to repay the loans by making small savings at home. Far from generating wealth,
the repayment pressure dries the household's existing savings. Where women lack productive
work due to poverty and deprivation, the micro-credit loans become a debt-trap for the
household." [6] If we break down these loans into the people and situations involved, we can see
a much clearer picture of why traditional microfinance often fails.
The role of men in micro lending, both as husbands and as borrowers can have a
surprisingly negative impact on women's ability to successfully gain from their loans. A study
by Bain and Wheelock in 2000 suggested that only a minority of women in micro-enterprise
resist traditional solutions and challenge the imagery of male and female gendered behaviors.
Without changing those roles, it is difficult for women to rise above their current situation to
create businesses or prosperity for themselves and their families. The true subjugation of women
by men in developing countries is startling, and also telling of why an inability to change gender
norms is keeping microfinance from being successful for women. Laura Karim of the University
of Oregon has seen in her research that men use 95% of women's loans. She says, "Rural men
laughed when they were asked whether the money belonged to their wives. They pointedly
remarked that 'since their wives belonged to them, the money rightfully belongs to them."' [21]
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Another study in Bangladesh revealed that 78% of husbands whose wives had taken out small
loans spent that money on their own income-generating projects. And only 5% of married
women borrowers had total autonomous control over the loan money.
Even outside of the loan environment, it is clear husbands tend to take precedence in all
monetary decisions - less than 3% of women in the study reported being allowed to make
economic decisions on their own. And, 87% of husbands added that they would not permit their
wives to buy any assets without their permission. Of the roughly half of women who also had
some form of savings, 85% reported that they were not able to decide autonomously how to use
it.
Not having access to savings, or having husbands who use the money for their own
pursuits can be devastating for women. Recent studies have noted that risks like sickness, natural
disaster and over-indebtedness are a critical dimension of poverty and that very poor people rely
heavily on informal savings to manage these risks. [15] The typical microfinance model does
nothing to change the societal norms that prevent women from making significant savings. It
doesn't incorporate much in the way of flexible savings options to address the need for
emergencies, and banks have been slow in moving toward such practices. As has been seen
before, some experts argue that most microcredit institutions are overly dependent on external
capital to run, which makes them more like welfare subsidies and actually keeps them from
providing services like savings accounts. In 2003, a study of microcredit institutions in Bolivia,
and found that the reason they were slow to offer small savings (also called microsavings)
services was because they had easy access to external capital and didn't need to make a profit
from having such savings accounts. [16] Data tables reported in The Microbanking Bulletin have
shown savings to be a very small source of funds for microfinance institutions globally,
explaining why the practice as a whole is slow to begin to offer it. Without access to savings,
more loan money simply ends up going toward unforeseen household, child care, and health
related expenses, and continues to keep women from economic pursuits. The societal and
institutional thinking will have to change in order to allow for such services in microfinance
situations, so that women borrowers can have a greater chance of success.
Outside of insight about men's roles and women's lack of autonomy, what may be the
most striking about the study from Bangladesh is that more than 2/3 of men surveyed believed
their wives were less intelligent than themselves. Even more didn't consider their wives capable
of making decisions pertaining to the purchase or sale of major household assets. And nearly all
of the women in the study believed their husbands to be superior to them. These societal beliefs
put the women microfinance is targeting in a very difficult position - unable to make use of
much of their loan money, with little freedom to make decisions, and no confidence to back up
any attempts at change, it is no wonder they often fail to truly better their lives.
This conclusion may seem surprising given the nearly perfect repayment rates most
microfinance institutions boast. However, that statistic fails to measure the outcome for women;
it only tells us whether or not they were able to pay back the money they borrowed. A growing
number of cases have shown that those who borrow once must very often continue to borrow
time and again to pay the interest on their previous loans or because the borrowed money went
first to covering basic family needs and didn't leave enough for entrepreneurial, money-making
pursuits. The average interest rate on a micro loan is around 20%, which can leave women who
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have been unable to set up income generating enterprises scrambling to pay back the money they
owe. Some women even resort to borrowing from multiple institutions to be able to make
payments to others. [13] The international president of FINCA International, John Hatch, adds
that "90% of microloans are used to finance current consumption rather than to fuel enterprise."
[21]
But men are not the only problem contributing to the negative effects of current
microfinance practices for women. As alluded to above, societal norms and setups, even outside
gender roles, make it difficult for women to realize the potential of the loans. Many women are
also restricted by cultural and religious conventions, as well as child care and household
responsibilities. A study of micro-enterprise and microfinance in the Middle East showed that
few women were able to start businesses or leave the home because of few opportunities for
daycare, or because of having young children at home. [22] A study from South India showed
that having children related negatively to women's well-being in a microfinance situation. [20]
For others it is not safe for the women to leave the home, which makes getting supplies
and even the loans themselves for setting up businesses tricky. In Bangladesh, safety prevents
many women from traveling even short distances alone. On top of that, cultural tradition there
often prevents women from leaving the family compound anyway. Some institutions, like
Grameen with its "Sixteen Decisions," also require pledges from borrowers insuring adherence
to certain rules, often involving marriage customs, and choices of occupation. These rules are an
attempt to encourage borrowers to live better lives and to put their money to good use, however
it is questionable whether they are more beneficial or harmful to the borrowers, or if they are
simply the banks' (or their founders') ways of legislating without going though the government.
Additionally, studies in Bangladesh suggested that some of the result of microloaning's infusion
of cash into the economy has been the increase of dowries, which not only has the opposite effect
of empowering women, but also takes money away from building successful businesses. Some
women are even forced to take out loans for dowries to compete with the overall increases in
their amounts. [13]
Location is also an important aspect of women's prospects for success. Poor women
living closer to urban centers tend to be less successful, [20] and the statistics also vary widely
from country to country as cultural and gender norms are different in each place. Finally,
microfinance-backed enterprises are largely informal and unregulated, and therefore few if any
laws exist to protect workers or ensure their rights. [26]
Hand in hand with the struggles for women outlined above is violence towards them. In
the Bangladesh study, more than a third of women reported being abused when conflicts about
money arose. [27] Another study in South Africa found that women who live in poverty are
much more likely to experience intimate partner violence. And "the fundamental link between
violence and the continued subordinate status of women in society is well recognized." [25]
Field officers in charge of collecting installments for microfinance banks have been reported to
use coercive or even violent tactics to obtain payments from women borrowers. [21] Because the
statistics on repayment rates are so central to institutions' "success" stories, officers are
generously rewarded for doing whatever it takes to keep those percentages up. Amid the
violence, and the societal and gender based restrictions placed upon them, it is actually a great
wonder that some women have been able succeed through traditional microfinance programs.
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Almost every study whose research contributed to this work contained a similar message:
microfinance cannot succeed without simultaneously empowering women, and that "women's
empowerment takes place when women challenge the existing social norms and culture, to
effectively improve their well-being." [23] Microfinance can empower women when it gives
them the tools to achieve these things, and the power to affect change. How this is achieved can
happen in a variety of ways. First, an effective group system can be instrumental in providing
women the support to begin to instigate change. A study of the SHGs in India found that when
loans are "channeled through women's groups and are combined with investment in social
intermediation, substantial shifts in decision-making patterns are observed." [23] It's important
to note that the groups alone are not substantial enough to create empowerment. Members of
average groups can turn on each other, and even resort to violence and stealing when someone
defaults on their payments. [21] It is, however, the combination of a loan group and training and
intermediation that makes empowerment possible.
In fact, the outcome of every study examined showed this fact - women given training
and education were far more likely to be successful in their endeavors. The SHG study showed
that training and workshops tend to create greater awareness amongst women, and also give
them the opportunity to learn new skills or update old ones. And, 64% of its respondents reported
an increase in income over a 2 year period compared to only 39% of people in the control group.
[23] A study in South Africa showed that for women in group microfinance structures, education
about gender issues and activism reduced the risk of intimate partner violence by half. These
women also, after 2 years, had increased assets, expenditures, and membership in informal
savings groups. [25] The study from South India, which included skills training, legal
counseling, and social support, showed an overall decrease in the severity of poverty by 29%,
including a 13% decline in extreme poverty. [20] By training women, infrastructure is put into
place to allow women to rise above their societal norms, which is necessary for real success.
Creating awareness and giving women skills, not only entrepreneurial but also skills in
confronting or separating from violent spouses for example, begins to change the setup of
society. It teaches women to challenge the norms, and the resulting empowerment gives them
much higher chances for success from their loans. Few women either have set up businesses, or
worked even for wages before, so using a loan to generate income can be a very foreign concept.
Training and help offered along side the loans can get the women started off right and help avoid
costly mistakes, which again set them up for success. Pitt and Khandker's study in Bangladesh
cited that the greatest obstacle to women's empowerment was a lack of education; however, with
new microfinance institutions beginning to provide practical and life skills training, women's
empowerment and likewise probabilities of success in their microfinance ventures are rapidly
increasing.
These conclusions about microfinance are very important to the business model for the
Komera project. They validate the model used by Sustainable Health Enterprises and now
Komera for the implementation of the machine developed by the team. The next section will
explain how the business model for Komera incorporates the features and functions suggested
here, and the predicted market successes and impact on the lives of women in Rwanda.
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